The phenomenon of hypertrophy of the hemidiaphragm following denervation was found to occur in the mouse, rabbit and in the right hemidiaphragm of the rat. The peak of the hypertrophy occurred between 5 and 8 days in the mouse, at which time increases of 2437% in wet weight of the hemidiaphragm were observed. In the rabbit the maximum hypertrophy observed was 29.5% at IO days after denervation. The response of the right hemidiaphragm to denervation was quantitatively very similar to the response of the left hemidiaphragm in the rat. A slight increase in relative amount of water was observed in the hemidiaphragms of both the mouse and rat which does not account for the observed increases in wet weight.
T HE HEMIDIAPHRAGM
of the rat responds to denervation in an unusual fashion ( I, 2). Approximately 7 days after section of the phrenic nerve the wet weight of the left hemidiaphragm increased by 25-55 %. The right hemidiaphragm increased about the same amount after sectioning the right phrenic nerve. Since the wet-dry weight ratios of the denervated hemidiaphragms were only slightly altered, the response was designated hypertrophy. This was a temporary condition and in about 30 days the weight was back to normal, following which further losses in weight occurred.
These experiments were repeated in another laboratory with quite different results (3, 4) . No change in weight of the right hemidiaphragm was observed until the 28th day, when loss of weight began. The left hemidiaphragm, on the other hand, showed a transient increase in weight but this was attributed entirely to an increased water content and was not considered a true hypertrophy. Inasmuch as further research has confirmed the increases in both wet and dry weights of the denervated left hemidiaphragm and has demonstrated an increase in the absolute amounts If the phenomenon is of general significance it should be possible to demonstrate its occurrence in species other than the rat. The present investigation has shown the hypertrophy to occur in two additional species, the mouse and rabbit. In addition, the hypertrophic response of the right hemidiaphragm of the rat has been confirmed.
METHODS
Mice, rats and rabbits were used in these experiments.
The left hemidiaphragms of the mice and rabbits and the right hemidiaphragms of the rats were denervated by the operative techniques used by Sola and Martin (2 A response of the hemidiaphragm of the mouse very similar to that first reported for the rat (I) occurred after sectioning the phrenic nerve ( fig. I ). The peak of the hypertrophy occurred between 5 and 8 days after section of the phrenic nerve. The extent of the hypertrophy ranged from 24-57 % in the period of maximum hypertrophy.
Following this peak the hemidiaphragm lost weight slowly until t,he normal weight was reached at, 24-58 days. Hy 64 days, which was the longest period studied, an average atrophy of 40.1% had occurred. At the longer intervals when many of the hemidiaphragms were well atrophied a fair number still exhibited hypertrophy. It is thought that the maintenance of hypertrophy in these was due to reinnervation. However, since a histological examination was not made these animals were included unless the structures were obviously reinnervated and contracting.
The dry weights of a number of hemidiaphragms expressed as percentages of the wet weights are shown in table I. These were divided into three categories, a normal, a group in which hypertrophies of 23.5-57.2 % had occurred, and a group of hemidiaphragms exhibiting atrophies of 15.2-33.7%.
The percentage of dry solids in the normal right hemidiaphragms of groups 2 and 3 did not change significantly from those in the normal animals of group I. The denervated left hemidiaphragm, however, underwent a slight decrease in percentage dry solids during the period of hypertrophy. A similar change has been reported for the denervated hemidiaphragm of the rat (2).
In table 2 are shown the post-denervation weights of the right hemidiaphragms of the rats. Changes of at I 5 days, and +34% at 7 days, -I-15.6% -19.6% at 30 days after denervation of the left hemidiaphragm have been repor ted (5). It is evident that denervation of the right hemi .diaphragm has t,he same effect as denervation of the left.
In the right hemidiaphragm of the rat as in the mouse the hypertrophied muscle exhibited a slight increase in water, from 75.21 to 76.87% but. not, enough to account for the observed increase in weight.
In the rabbit excessive deposition of fat in the thoracic region renders very difficult the identification an d sectioning of the phrenic nerve. However, the denervation was accomplished in nine animals and the hypertrophic response was evident. Increases of I 2 % at 6 days to a maximum of 29.5% at IO days were observed. By 20 days t,he hemidiaphragm of one a.nimal had returned to the normal weight and in another atrophy of 8% had occurred.
DISCUSSION
A transient hypertrophy seems to be a typical response to denervation of the hemidiaphragm, at least in small animals. The hv-w pertrophic response of the denervated right hemidiaphragm is similar to that of the left hemidiaphragm of the rat. These results do not agree with those of Thomson (4) who reported for the rat, an increase in wet weight of the left hemidiaphragm unaccompanied by an increase in dry weight and concluded that the response cannot be considered a true hypertrophy. Not even an increase in wet weight was observed in the right hemidiaphragm. This difference in results cannot be explained at the present time.
An increase in protein content accompanies the increase in wet weight of the denervated left hemidiaphragm of the rat (5). Furthermore, calculations based on the experimental results for the mouse convincingly illustrate the extent to which the increased weight is due to water and to solids. Thus each IOO mg wet tissue weight in the normal mouse hemidiaphragm includes 76.91 mg water and 23.09 mg solids. If an increase in wet weight of 41.48 % occurs following denervation, accompanied by a drop in percentage of solids to 2 I .5 I %, the original IOO mg of tissue will now weigh 141.48 mg and will contain 30.41 mg dry solids and I I I .07 mg water. Thus, for each IOO mg of wet weight the solids increase 31.7 % over the amount present initially. A similar calculation for water content reveals a 44.4% increase in this constituent. It thus becomes obvious that although there is a slightly disproportionate increase in water there is a very definite increase in dry weight of the tissue as well.
The hypertrophv was attributed to the w rhythmical passive stretching of the denervated muscle during respiration (2). However, since the hypertrophy is transient it appears that some factor in addition to activity is necessary for the maintenance of this tissue. The additional factor might be some substance which is released by the nerve, perhaps during the period of increased membrane permeability accompanying the nerve impulse. It is suggested that this materia! as well as activity is necessary for normal maintenance of this muscle.
The initial hypertrophy of the denervated diaphragm perhaps is caused by passive stretch acting on the muscle at a time when the release of substances from the nerve tissue is greater than normal due to degeneration of the fibers. After disappearance of the nerve elements the weight is not maintained even though passive tension development continues because the source of these materials is exhausted. That a substance which stimulates growth of nerve fibers is released by degenerating nerve fibers has been shown by Hoffman (6). This material, neurocletin. stimulates the remaining intact axons in a partially denervat,ed muscle to send out branches to denervated muscle fibers. It seems possible that this or a similar material may be released by the degenerating nerve fibers in the hemidiaphragm and may in combination with rhyt,hmic stretching result in the hypert rophy which has been observed in these three species.
